Objectives: Outborn (born outside tertiary centers) infants, especially extremely preterm infants, are at an increased risk of mortality and morbidity in comparison to inborn (born in tertiary centers) infants. Extremely preterm infants require not only skilled neonatal healthcare providers but also highly specialized equipment and environment surroundings. Maternal transport at an appropriate timing must be done to avoid the delivery of extremely preterm infants in a facility without the necessary capabilities. Cases of unexpected deliveries at birth centers or level I maternity hospitals need to be attended emergently. We compared the differences in short-and long-term outcomes between outborn and inborn infants to improve our regional perinatal system. Design: Retrospective cohort study. Setting: Neonatal Research Network of Japan database.
Patients: Extremely preterm infants (gestational age between 22 + 0 and 27 + 6 wk) in the Neonatal Research Network of Japan database between 2003 and 2011. Interventions: None. Measurements and Main Results: A total of 12,164 extremely preterm infants, who were divided into outborn (n = 785, 6.5%) and inborn (n = 11,379, 93.5%) groups, were analyzed. Significant differences were observed in demographic and clinical factors between the two groups. Outborn infants had higher short-term odds of severe intraventricular hemorrhage (adjusted odds ratio, 1.49; 95% CI, 1.11-2.00; p < 0.01), necrotizing enterocolitis (adjusted odds ratio, 1.49; 95% CI, 1.11-2.00; p < 0.01), and focal intestinal perforation (adjusted odds ratio, 1.58; 95% CI, 1.09-2.30; p = 0.02). There were no significant differences in long-term outcomes between the two groups, except in the rate of cognitive impairment (adjusted odds ratio, 1.49; 95% CI, 1.01-2.20; p = 0.04). Conclusions: The frequency of severe intraventricular hemorrhage, necrotizing enterocolitis or focal intestinal perforation, and cognitive impairment was significantly higher in outborn infants. Thus, outborn/inborn birth status may play a role in short-and long-term outcomes of extremely preterm infants. However, more data and evaluation of improvement in the current perinatal environment are needed. (Pediatr Crit Care Med 2019; 20:963-969) Key Words: inborn; outborn; perinatal system; preterm; retrieval system; very-low-birth-weight O utborn infants, especially extremely preterm (EPT, birth at < 28 wk of gestation) infants, are at increased risk of mortality and morbidity in comparison to inborn infants because of their prominent vulnerability (1-3). There has been no clear progress in terms of the prevention of EPT births until recently, and the frequency of preterm birth is currently not decreasing (4). Short-and long-term outcomes of EPT infants have recently improved (5) (6) (7) (8) . However, long-term neurodevelopmental impairments (NDIs) remain a major concern, Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal. and there are few reports concerning the long-term outcomes of outborn EPT infants (5) (6) (7) (8) . EPT infants are at the highest risk and have the most specialized needs such as subspecialized neonatologists, highly skilled nursing staff, pediatric surgical specialists, physiologic monitoring equipment, and laboratory facilities. An appropriate timing must be selected for maternal transport to avoid the delivery of EPT infants in a facility without the necessary capabilities, where it is extremely difficult to stabilize the infants at birth and transport them to a neonatal ICU (NICU) of a tertiary center. The American Academy of Pediatrics and the American College of Obstetrics and Gynecologists Guidelines for Perinatal Care recommend that hospital-based services should be organized within geographical regions. Maternity hospitals should be located based on functional capabilities to provide adequate care for pregnant women and neonates at increased risk of EPT births (8, 9) . The regionalization of perinatal care has been in place since around 1990 in Japan. However, Japan is unique in that approximately 50% of deliveries are managed at birth centers or level I hospitals for maternal care (10) . Transporting women at risk of very preterm births to tertiary centers has significantly decreased the neonatal mortality and morbidity rate (11, 12) . Considering the organization of parturient facilities in Japan and the difficulty of predicting EPT deliveries, it is possible that EPT outborn infants may be born at birth centers or level I maternity hospitals. In most cases, there is insufficient transportation time because of the rapid progression of labor. Thus, solving the present perinatal problems (e.g., appropriate resuscitation and transportation of vulnerable EPT infants) at birth centers or level I maternity hospitals remains a crucial issue.
DOI
This study aimed to evaluate whether the birth status (outborn or inborn) of EPT infants influenced their short-and long-term outcomes based on information from the Neonatal Research Network of Japan (NRNJ) database.
MATERIALS AND METHODS
The protocol of this study was approved by the central internal review board at Tokyo Women's Medical University, where all data were collected and stored. Written informed consent was obtained from the parents or guardians of all infants in the NRNJ. This was a retrospective analysis of 12,164 EPT infants, defined as those with a gestational age between 22 + 0 and 27 + 6 weeks, among very-low-birth-weight (VLBW) singleton and twin infants. Clinical data between 2003 and 2011 were obtained from the NRNJ database, which was created with a grant from the Ministry of Health, Labor, and Welfare of Japan. There was a systematic registration of VLBW infants so that almost all cases that were handled in the study period would be present in the medical records. This database collected data on greater than 50% of EPT infants born in Japan during the study period, and 186 facilities (including 84 tertiary centers) were registered for the NRNJ in 2011. This database contains information on morbidity, mortality, and follow-up data of EPT infants in participating facilities. Exclusion criteria were as follows: multiple births (more than triplets), any major congenital malformations, admission after greater than 1 day after birth, transported to other hospitals at birth, and those without records of mortality status and information on the mode of delivery. Data for 81 infants who were born alive but died in the delivery room were also excluded ( Fig. 1) . Gestational age was calculated based on ultrasound examination during the first trimester and the data of the last menstrual period. The presence of pathologic chorioamnionitis was examined based on Blanc's criteria. Premature rupture of membranes (PROM) was defined as the rupture of membranes before the onset of labor. Antenatal corticosteroid (ACS) administration was defined as at least one dose of ACS to the mother at any time before delivery to accelerate fetal lung maturity. Small for gestational age (SGA) was defined as a birth weight below the 10th percentile of the standard birth weight for gestational age published by the Japan Pediatric Society (13) . Respiratory distress syndrome (RDS) was diagnosed on the basis of clinical presentation and characteristic radiographic appearance. Chronic lung disease (CLD) was defined as a persistent requirement for supplemental oxygen 28 days after birth or at 36 weeks postmenstrual age. Patent ductus arteriosus (PDA) was diagnosed based on both echocardiographic and clinical findings. Severe intraventricular hemorrhage (IVH) was defined as grade III to IV, according to the Papile criteria. Cystic periventricular leukomalacia (PVL) was defined as any cyst formation observed at any time in the periventricular white matter on cranial ultrasound or head MRI. The presence of sepsis was determined by positive blood culture results. Necrotizing enterocolitis (NEC) was defined according to Bell's classification stage II or greater. Retinopathy of prematurity (ROP) was considered to be severe if the worst stage of ROP was III (intermediate) or greater according to the criteria proposed by the task force of the Ministry of Health, Labor and Welfare of Japan, which was equivalent to stage III or greater in the International Classification of ROP, and if treatment was required with laser coagulation, cryocoagulation therapy, or both. Neonatal mortality was defined as death of an infant before hospital discharge. The follow-up protocol consisted of routine physical and neurologic evaluations and developmental assessments at three years (36-42 mo) of chronological age for surviving EPT infants at each participating center (14) . Neurologic evaluation at 3 years old included signs and symptoms of cerebral palsy (CP) and sensory abnormality. CP was defined as a nonprogressive CNS disorder characterized by abnormal muscle tone in at least one extremity and abnormal control of movement and posture. Visual impairment was defined as unilateral or bilateral blindness diagnosed by ophthalmologists. Severe hearing impairment was defined as when amplification was required. The assessment of cognitive function was performed using the Kyoto Scale of Psychologic Development (KSPD) test (15) . This test was administered by experienced testers who were certified psychologists blinded to the perinatal details at each participating center. All information about the infants was collected anonymously, and the stored data were unlinked from individual data. When the development quotient (DQ) was less than 70, the infant was judged as having a cognitive impairment according to the protocol of the Society for Follow-up Study of High-risk Infants. If the KSPD assessment was not available, the pediatrician estimated the child's developmental level as delayed or not delayed. In cases judged as delayed, the developmental level was assumed as equivalent to a DQ score less than 50. Infants with CP, visual impairment, severe hearing impairment, and cognitive impairment were designated as having NDI. We analyzed the effect of place of birth (outborn vs inborn) on short-and long-term outcomes. Short-term outcomes were RDS, CLD, surgery for PDA, severe IVH, cystic PVL, sepsis, NEC or intestinal perforation, severe ROP, and neonatal mortality. The chosen long-term outcomes were death after hospital discharge up to 3 years, CP, visual impairment, severe hearing impairment, cognitive impairment, and NDI.
Statistical analyses were performed using SPSS Version 24.0 (SPSS, Chicago, IL). The significance level was set at 0.05. Continuous data are presented as means ± sd. Absolute standardized differences (ASDs) were calculated to evaluate the statistical difference at baseline between those who dropped out in the evaluation of long-term prognosis and those who completed follow-up, with an ASD above 10% representing a meaningful imbalance. Differences in perinatal baseline characteristics between the outborn and inborn infants were tested using a chi-square test and t test, as appropriate, to find confounders in the relationship analysis between being outborn and outcomes (short-and long-term outcome). The relationship between being outborn and outcomes was examined by logistic regression analysis. With each outcome (short-term and long-term outcome) as a dependent variable, the odds ratio (OR) and 95% CI of being outborn (vs inborn) were calculated.
RESULTS
The study group is illustrated in Figure 1 . A total of 35,057 VLBW infants were registered in the database between 2003 and 2011. In total, 2,354 infants were excluded because of major congenital malformation, 1,300 infants were excluded because of multiple births (more than triplets), and 21,631 infants were excluded because they were born at gestational ages greater than or equal to 28 + 0 weeks or less than 22 + 0 weeks. After exclusion of inappropriate cases (infants without records of mortality status), data of 12,245 singleton and twin infants born at gestational ages between 22 + 0 and 27 + 6 weeks were available. Of these, 81 infants died in the delivery room and were excluded. A final number of 12,164 EPT infants were enrolled as the study population. Of the 12,164 subjects, 785 (6.5%) were outborn EPT infants. Of the 785 outborn and 11,379 inborn infants, 109 (13.8%) and 1,591 (14.0%), respectively, died before discharge from the hospital. Of the surviving 676 outborn and 9,788 inborn infants, follow-up data at 3 years old were collected from 319 (47.2%) and 4,573 (46.7%), respectively. Maternal and delivery characteristics for the outborn and inborn groups are listed in Table 1 . There were no differences between the groups in terms of the distribution of infants from 22 to 27 gestational weeks. The outborn group had significantly lower rates of twin birth (p < 0.01), pregnancy-induced hypertension (PIH) (p < 0.01), pathologic chorioamnionitis (p < 0.01), PROM (p < 0.01), administration of ACS (p < 0.01), cesarean delivery (p < 0.01), and SGA (p < 0.01) and higher rate of Apgar (5 min) less than or equal to 3 (p < 0.01). The outborn group also had lower maternal age (p < 0.01) and higher birth weight (p < 0.01). The effects on short-term outcomes are listed in Table 2 . The multivariate logistic regression analysis performed after adjusting for confounders (twin birth, PIH, pathologic chorioamnionitis, PROM, ACS administration, cesarean delivery, SGA, Apgar [5 min] ≤ 3, maternal age, and birth weight) showed that outborn infants had higher odds of severe IVH (adjusted OR, 1.49; 95% CI, 1.11-2.00; p < 0.01) and NEC or FIP (adjusted OR, 1.58; 95% CI, 1.09-2.30; p = 0.015) for short-term outcomes. The effects on long-term outcomes are listed in Table 3 . There were no significant differences between the outborn and inborn groups, except for the rate of cognitive impairment (adjusted OR, 1.49; 95% CI, 1.01-2.20; p = 0.04) in the multivariate logistic regression analysis. ASD values were calculated to evaluate statistical difference in baseline characteristics between those who dropped out of the evaluation of long-term prognosis and those who completed follow-up. All ASD values were under 10% ( 
DISCUSSION
In this study, we found that the outborn group included more cases at small risk of EPT and had a significantly higher frequency of severe IVH, NEC or FIP, and cognitive impairment. We could not find studies about the long-term outcomes of outborn EPT infants, although there were some reports on short-term outcomes. To the best of our knowledge, this is the first large cohort study to explore short-and long-term outcomes of EPT inborn and outborn infants. Higher rates of mortality and morbidity for outborn infants have been reported (1-3). Significant differences were observed between the inborn and outborn groups in demographic and clinical factors. The outborn group may include more cases at smaller risk of EPT when compared with the inborn group, since the inborn group had significantly higher rates of twin birth, PIH, pathologic chorioamnionitis, PROM, SGA, and lower birth weight. If only background factors are considered, a good outcome for outborn infants can be expected, with the exceptions of ACS treatment and higher rate of a low Apgar score at 5 minutes. We found no difference in mortality risk between outborn and inborn infants. However, a significant difference in severe IVH and NEC or FIP was found, even after adjusting for perinatal risk factors. Nevertheless, the rates of all these morbidities remain low compared with other studies (7) . There were no significant differences in long-term outcomes between the two groups, except for the rate of cognitive impairment. The high rate of cognitive impairment may be due to the high rate of severe IVH and NEC or FIP seen in the short-term outcomes.
Our data did not include stillbirths and deaths in the delivery room at birth hospitals other than the participating tertiary centers. Data about resuscitation of outborn livebirths were only available for those referred to tertiary centers and not for outborn infants who died at the birth hospital without being referred. Thus, it was not possible to obtain information on decision-making or other aspects of care for outborn livebirths that were not referred to tertiary centers. Insufficient time to administer ACS, suboptimal resuscitation at birth, and lack of medical equipment and staff expertise have been identified as risk factors contributing to mortality in EPT infants (16) . Previous studies emphasize the value of high-volume level III NICU care in minimizing neonatal mortality and morbidity among VLBW infants (17, 18) .
Unfortunately, there is no nationwide standard for the transportation of EPT infants (including use of transport incubators and presence of a neonatologist and neonatal nursing staff) in Japan at present. Improvements in the regional perinatal system, such as optimized transportation to tertiary centers, can improve the outcomes of EPT infants, as several factors at birth or during transport play a role in the health risks of outborn EPT infants (2, 19) . The risk of severe IVH and NEC or FIP in outborn infants may reflect the influence of inappropriate circumstances such as insufficient resuscitation at the time of birth and unstable environment such as hypo-or hyperthermia in an ambulance during the transportation period. The association between admission temperature and mortality and morbidity in EPT infants has been reported (19) . It seems unlikely that there will be a dramatic improvement in this situation in the future, as small regional birth centers and level I maternity care hospitals handle approximately 50% of deliveries in Japan. In other words, EPT outborn births will continue to occur for a long period in Japan. Part of the solution to improve neonatal retrieval services of the births in birth centers and level I maternity care hospitals could be to increase efforts to transport the pregnancies at risk of EPT in utero. Retrieval services means not only emergency transport services but also for subspecialized neonatologists to be present at births of the EPT infants in nontertiary hospitals to resuscitate and to stabilize the infants whenever possible. The regional maternal and neonatal transport system has been improving gradually, but the neonatal retrieval services for the regional perinatal system have remained largely unimproved in the past 20 years. Improved quality of resuscitation was reported when dedicated neonatal retrieval teams resuscitated outborn infants in the delivery room (16) . Retrieval services may make it possible to provide outborn infants with intensive care or interventions such as intubation, surfactant administration, cardiorespiratory monitoring, ventilation support, and accurate drug administration at the birth hospital and during transport, thus increasing the possibility that outborn infants will receive intensive care approximately equal to that of a level III NICU at birth centers or level I maternity care hospitals. It was reported that the mortality before NICU admission for EPT outborn infants was significantly higher when compared with that for inborn infants (20) . We may need to equip the regional perinatal system to send the neonatal retrieval team to birth hospitals in case of emergency as much as possible; however, there are several issues to address, such as securing neonatologists, sharing information between the birth hospital and tertiary center, and arranging the ambulance for exclusive use for newborn babies. Naturally, obstetricians at birth hospitals should acquire enough knowledge and skills to resuscitate EPT infants and to stabilize their general condition until the arrival of the retrieval team or transport to a tertiary hospital. Our study has some limitations. The first was the amount of missing data (53.2%) related to information on NDI at 3 years. We made a comparison for maternal and delivery characteristics between infants evaluated and not evaluated for NDI at 3 years. All ASD values to evaluate statistical difference were under 10%, and the low follow-up rate might not have a clinically important influence on short-and long-term outcomes between EPT infants who had data available for NDI and survivors who were lost to follow-up. The second was that we used the KSPD scale for evaluating developmental outcomes instead of the Bayley Scales of Infant Development III (Bayley III), which is widely used throughout the world. However, one study reported that the KSPD scale correlated well with Bayley III (15) . Furthermore, our study design was a case-control comparison using the same developmental scale. Thus, we could not expect any discrepancy in our results. The third was that stillbirths and deaths of neonates who could not be transported to tertiary centers were not included in our data. These data may influence the result of our analysis for the short-and long-term outcomes to some extent. Recently, the unification of the nationwide neonatal and obstetrical data was discussed at the meeting of the Japan Society of Perinatal and Neonatal Medicine. We should acquire the information for outborn livebirths that were not referred to tertiary centers to more accurately determine the current provision of perinatal care.
CONCLUSIONS
Our study pointed out that there was a significantly higher frequency of severe IVH, NEC or FIP, and cognitive impairment in outborn infants compared with the inborn infants. Thus, outborn/inborn birth status may influence short-and longterm outcomes of EPT infants. For the improvement of the current perinatal care standard, we should obtain more precise data of outborn EPT infants, including livebirths that were not referred to tertiary centers. Based on this analysis, more effort is needed to improve our perinatal environment, such as developing a neonatal retrieval system for outborn EPT infants.
